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Fig. 3. Chromosomal mapping of the genes differentially expressed between favorable and unfavorable subsets of neuroblastoma. The gray and
black lines indicate the regions of loss of heterozygosity (LOH)} and those of chromosomal gain, respectively.

development as well as its aberrations in cancers
such as NBL. Furthermore, the NBL ¢DNA micro-
array should be important for the clinical use to
develop it as a diagnostic tool. The comparative and
parallel studies between the results obtained from the
c¢DNA microarray analysis and the array comparative
genomic hybridization (array CGH) [57] might also
be very helpful to identify the genes and to understand
the molecular biology of NBL.,

6. Developmental clock and the genes
of neuroblastoma

Our NBL cDNA project has provided us with
tremendous information about the genes expressed in
different subsets with characteristic biology.
Though the project is still ongoing, a temporary

view so far obtained suggests the presence of a kind of
rule in the expression patterns of the subset-specific
genes. Fig. 4 shows the groups of genes expressed
along the time axis of sympathetic neuron
development. During the early stages of development,
many transcription factors and their regulators may
play important roles in deciding the direction of
differentiation as well as in regulating cell growth and
survival of newral crest-derived cells. It is
interesting that many genes highly expressed in
unfavorable NBLs contain transcription factors and
the components of their complexes. They involve
MYCN and Id family transcription factors that link to
the reguiation of Rb and p53 and regulate cell growth
and apoptosis. The basic helix-loop-helix
transcription factor, hASHI1, is constitutively
activated in NBL, and, by collaborating with Phox2a
and Phox2b, it may regulate the arrest of
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differentiation in unfavorable NBLs (T. Kuno et al.,
unpublished data). Our NBL cDNA project has also-
revealed that there may exist a neuronal cassetle of
GATA transcription factor complex that controls
growth and differentiation of sympathetic
progenitor cells. Some molecules in this complex
are up-regulated in unfavorable NBLs (M. Aoyama
et al., manuscript in preparation). Thus, many
important components in the transcriptional
regulators appear to be highly expressed in
unfavorable NBLs and function to regulate the
tumor cell growth or the status of de-differentiation.
On the other hand, a remarkable number of the
genes expressed at high levels in favorable NBLs
seem to encode the molecules that are necessary to
maintain the neuronal function of the matured
neuronal cells. They may be needed to maintain
catecholamine metabolism, synapse formation,
neuronal cell survival, etc. We have also identified
many genes related to the ubiquitin-proteasome
pathway and heat shock proteins in favorable NBLs,

suggesting that they might be involved in induction
of apoptosis triggered by endoplasmic reticulum (ER)
stress [58].

Thus, our NBL ¢DNA project which is still
on-going has clearly demonstrated that favorable
NBL arrests its differentiation at late stage of neural
development, whereas unfavorable NBL arrests at the
early and immature stage,

7. From comprehensive to functional genomics
of neuroblastoma aiming at the drug discovery

All genes and their products are no doubt necessary
to accomplish embryonal differentiation and to
maintain homeostasis of the whole human body.
However, aberration of even one gene can cause
disease or cancer, albeit many cancers including NBL
have multiple genetic abnormalities. Therefore, we
need to try to select the truly important genes that
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affect the genetics and biology of NBL as key
regulators.

During the functional analyses of the novel genes
we selected for the last three years, several genes have
been reported as important regulators especially in the
neuronal system. They include Nogo (Nbila00271)
[59], a negative regulator of axonal guidance, FOG2
(Nbla03139) [60], a cofactor of the GATA transcrip-
tion factor complex, small GTPase RAB6B
(Nbla00086) [61], MItl (Nbla00106) [62], homeotic
regulator homolog MAB21 (Nbla00126) [63], GTP-
binding protein RAB3C (Nbla00494) [64],
neurexophilin (Nxphl, Nbla00697) [65], RAB3
efffector protein RIM1 (Nbla00761) [66],
cell recognition molecule Caspr2 (Nbla00831) [67],
endothelin converting enzyme-like 1 (ECEL],
Nbla03145) [68], doublecortin- and calmodulin
kinase-like 1 (DCAMKI1, Nblal0919) (69] and
aczonin (Nblal1270) [70]. Our current analyses of
the individual genes selected also suggest that the
present CDNA resources derived from the primary
NBLs contain many novel genes involved in NBL,
neurodegenerative diseases including Alzheimer’s
disease, Parkinson’s disease and amyofrophic lateral
sclerosis, and other diseases. The progress of the
functional genomics of the NBL genes may lead to
the discovery of the molecular targets for the
therapeutic strategy.

8. Conclusion

The enigmatic tumor, neuroblastoma, is changing
not to be enigmatic, because the molecular bases are
now rapidly being unveiled. Indeed, the clinical and
biological enigma of NBL may suggest a tight link
between the cancer and the development of
neural crest cells from which NBL is derived. The
comprehensive genomics and future proteomics
approaches may accelerate further understanding of
the biology of NBL which in turn helps to clarify the
molecular mechanism of normal neural development.
It is important and interesting that the key regulators
during the normal neural development are usually the
targets of the NBL genesis. We need to intensively
search for those target genes which could also be
important for the drug discovery leading to the cure of
the patients. '
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LETTER TO THE EDITOR X
Extraovarian Primary Peritoneal Carcinoma in a Child’
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Extraovarian primary peritoneal carcinoma (EOPPC) was
first described in 1959 by Swerdlow [ i]. It is an adenocarcinoma
that develops from the peritonenm lining the pelvis and abdomen
and is characterized by abdominal carcinomatosis. uninvolved
or minimally involved ovaries. and no identifiable primary
tumor. It accounts for ~10% of cases with a presunted diagnosis
of ovarian cancer {2]. It is similar to ovarian serous carcinoma
with respect to clinical presentation. histologic appearance. and
response to chemotherapy [3]. The median age of recorded cases
is 5766 years [3] and there has been no prior report in a child.
Our experience in such a case is of interest.

Our patient was 13-year-old girl, whe was admitted to St.
Luke’s International Hospital. Tokyo, Japan, because of a huge
abdominal mass. Her chief complaint was abdominal pain and
constipation. A hard mass, about 53 cm x 6 cm in size. was
palpable in the lower abdomen upon physical examination.
Thyroid gland was not enlarged. Laboratory data were within
normal limits except for CAl25. which was 433.8 Urml,
Abdomina] CT and MRI revealed a large. solid mass that
occupied the pelvic cavity {(Fig. 1% and no other tumor lesions
were detected. The diagnosis before operation was a primary
ovarian tumor, An open biopsy was performed and the hisiologic
diagnosis was serous adenocarcinoma (Fig. 2). The size of the
tumor did not decrease at all atter three course of chemotherapy
consisting of vindesine, doxorubicin, and fluorouracil (3-FU).
Surgery performed 3 months after the biopsy removed the tumor
together with the uterus, adnexa. and a part of the rectum and the
sigmoid colon because the tumor divectly invaded the uterus
and large bowel. An endometrial cyst. 5 cm in diameter and
attached to the neoplasm was also resected. The excised mass
measured 9.0 cm x 6.0 cm x 4.5 em (Fig. 3. arrowheads), The
left ovary was 4.0 cm x ].5 cm x 1.0 cm (Fig. 3. arrow) and no
tumot cells were seen in the ovarian tissue. The size of the right
ovary was 4.5 ¢cm x 4.0 cm x 2.5 cm. There were adenocarci-
noma components within the ovarian stroma. Since the ovary
was 1ot in continuity with the tumor, it was considered to be a
metastatic lesion. Both fallopian tubes were normal. From the
operative findings and histologic examination. it appeared that
tumor originated from extraovarian tissue. It was, therefore,
diagnosed as an EOPPC. Seventeen months after the operation, a
vaginal recurrence was noted. Colpectomy was carried out and
radiation therapy (total 50 Gy) was added. Six months after
radiation, the turnor recurred in the pelvic cavity and abdominai
wall. Management then became palliative to control pain by
morphine sulfate. instead of aggressive chemotherapy and
repeat surgery. She died 50 months after the diagnosis.

Most malignant ovarian tumors in adults are epithelial in
type, but in children and adelescents. 60% are of germ cell
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Fig. 1. Sugiual  Ts-weighted ubdominal MRL A large. sofid wumor,
I0em ~ 10 v 8 emin size, ccenpied the pelvic cavity. A small, cystic mass

lesien lay sbove the solid twmer Gurowheadd. This mass termed oul 10 be an
endometrial cystat surgery. Al anterior, Pi posterior,

origin [4]. Ovarian carcinoma is rare. and extraovarian carci-
noma is extremely rare in children. EOPPC should nonetheless
be added to the differential diagnosis when a tumor occupying
the abdominal cavity and considered of ovarian origin is en-
countered in a child,

The differential diagnosis should alse include desmoplastic
smali round cell tumor in which elevated serum CA 25 has been
reported [5.6]. However. the pathologic findings of our case were
completely different. No psammoma bodies or papillary and
glandular structares are te be found in desmoplastic small round
cell tumeors.

It has been reported that levels of the tumor marker
CAI25 were elevated (>35 U/mly in most of the EOPPC
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Fig. 2.
in the wmor tssue foriginal magailication = 4001

patients [7.8]. In our patient, the CA125 levels correlated with
the clinical status of the disease and response to therapy.
This finding has also been reported in reference [7]. It is
important to measure CA 125 not only during chemotherapy but
also thereafter.

The response to chemotherapy and the prognosis of EQPPC
is said to be similar to serous ovarian carcinoma [3]. However.,
there have been some reports that the prognosis for EOPPC is
worse than for ovarian serous cancers with comparable
peritoneal spread [2.8]. Reported median survival durations
vary between 7.0 and 27.8 months and 5-vear survival rates
range from 0 to 26.5% among EOPPC patients {3]. Our patient
suffered repeated relapses in spite of tumor excision. che-
motherapy. and radiation therapy. We chose “‘quality of life”
management after chemotherapy and surgery failed to cure the
tumor, so that the patient could ge back to high school and travel
abroad with her family.

In summary. we here report the first case of EOPPC in a
child. Aggressive combined modality therapy failed 10 cure
the girl.

Fig. 3. Gross appearance of the resected tumor and ovaries. The wmor
tarrowheads) was solid and its color was vellow and white with degeneration
and necrosis. It measured 9.0 cm = 6.0 ¢m x 4.5 em. The left ovary tarrow) was
40cm = 1L.5em x LOem in size. No tumor cells were seen in the ovarian tissue,

Hematoxylin and gosin stain. a: The tmeor cells with nuclear atypia showed papitlary growth (original magnificaion x 200). b: Psammoma bodies were seeni
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Tumor angiogenesis in the bone marrow of muitiple myeloma
patients and its alteration by thalidomide treatment

Wenlin Du,! Yutaka Hattori,? Akinori Hashiguchi,' Kensuke Kondoh,' Nobumichi Hozumi,® Yasuo Ikeda,?
Michiie Sakamoto,' Jun-ichi Hata* and Taketo Yamada'

Departments of ' Pathotogy and *Hematology, Keio University School of Madicine, *National Center for Child Health and
Development, Tokyo and ’Institute for Biological Sciences, Science University of Tokyo, Chiba, Japan

Angiogenesis in solid tumors is important to tumor growth,
invasion and metastasis. Recently, it has been suggested
that anglogenesis plays a cartain role in the development of
hematopoletic malignancies, including leukemia and muiti-
ple myeloma. We evaluated tumor anglogenesis in the bone
marrow (BM) of muitiple myeloma (MM) patients by calcu-
lating microvessel density (MVD) in needle-biopsy speci-
mens obtained from 5t cases of untreated MM or
monoclonal gammopathy of undetetmined significance
(MGUS). The MVD in the BM of donors for trangplantation
and patients with non-hematoiogical diseases was calcu-
lated as a control. There was an obvious increase in MVD in
the BM of MM patlents, and the MVD correlated with the
grade of myeloma cel! invasion of the BM in the untreated
MM cases. It was recently reported that thalidomide might
be effective for the treatment of MM. We assessed the effect
of thalidomide on angiogenesis in BM treatment of 11
patients with refractory MM. The concentration of M-protein
in the serum or urine of seven of the 11 patients was reduced
by at least 30% after thalidomide treatment, and MVD in the
BM decreased In three of these seven cases in response {o
thalidomide. Increased plasma concentrations of basic
fibroblast growth factor (FGF-2) and vascular endothelial
growth factor (VEGF) were observed in all 11 cases before
thalidomide administration and both levels were reduced
after treatment with thalidomide. Augmented angiogenesis
in the bone marrow of MM patients was confirmed in the
present study. It seems that thalldomide is effective in the
treatment of MM through the impairment of angiogenesis by
decreasing FGF-2 and VEGF production. This is the first

report on pathological evidence in the bone marrow of MM.

before and after thalidomide treatment, in Japan.

Key words: angiogenesis, CD34, fibroblast growth factor, mul-
tipie myeloma, thalidomide, vascular endothelial growth factor
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Multipte myetoma (MM) is a plasma cell neoplasm that orig-
inates in the bone marrow and involves the entire skeleton.
The myeloma cells synthesize large amounts of complete
and/or incomplete immunoglobulins, which may cause a
hyperviscosity syndrome, amyloidosis, and renal failure. Mui-
tiple myeloma accounts for approximately 10% of all hema-
tological malignancies. Chemotherapy with melphalan and/
or dexamgthasone is effective in some cases but relapses
often occur, and relapsed MM might bacome refractory to
conventional chemotherapy.'

Angiogenesis is indispensable to growth, invasion and
metastasis by solid fumors and occurs in other diseases,
including rheumatoid arthritis, psoriasis, scleroderma and
diabetic retinopathy.2* Angiogenesis has been postulated to
be regulated by a balance between certain angiogenic and
antiangiogenic factors. Angiogenic factors include soluble
factors, such as vascular endothelial growth factor (VEGF),
acid and basic fibroblast growth factor {aFGF and bFGF or
FGF-2}, angiopoietin-1, hepatocyte growth factor (HGF) and
interleukin-8 (IL-8), and adhesion molecules, such as inte-
grins.>® Vascular endothelial growth factor is considered an
important vasculogenic mediator of embryonic and postnatal
angiogenesis that functions in the promotion of endothelial -
cell growth and/or inhibition of apoptosis.® Elevated VEGF
concentrations have been reported in several types of
metastatic cancers, suggesting that it plays a role in cancer
progression.'® FGF-2 has been reported to be a potent stim-
ulator of angiogenesis in vitro and is found in the serum and/
or urine of patients with several types of cancer, including
leukemias."""? Angiogenesis has recently been reported in
hematological malignancies, such as leukemia and myelo-
dysplastic syndromes.”"'*" Vacca efal. reported finding
positive correlations between increased bone marrow
microvessel density (MVD) and both the plasma-cell jabeling
index and disease activity in MM patients.’® The increased
plasma or serum concentrations of FGF-2 and VEGF has
been observed not only in solid tumors, such as prostate
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cancer and renat cancers, but also in hematological malig-
nancies, such as acute lymphocytic leukemia, acute myefo-
leukemia, chronic myeloleukemia, and also MM.*1%8 Thus,
it is critical to determine whether antiangiogenetic therapy wilt
be useful for the treatment of hematological malignancies.

Thalidomide was introduced in the 1950s as a sedative,
but was withdrawn from the market in the 1960s because of
its teratogenicity.®® Recently, thalidomide has been found to
be effective against erythema nodosum leprosum,? graﬂ-
versus-host disease® and Crohn's disease.®® An antiangio-
genic function of thalidomide in a rabbit cornea micropocket
assay was reported by D'’Amato ef a/, in 1994.%* Rajkumar
et al. reported that tumor angiogenesis occurs in the bone
marrow of MM patients and that thalidomide therapy
improved the MM in some previously treated myeloma
patients 2

We recently reported that the elevated level of plasma
FGF-2 in MM patients correlated with increased disease
activity® Furthermore, we showed that thalidomide was
effective for the treatment of refractory MM in Japan.?
Hence, in the present study, we assessed the MVD of the
bone marrow of untreated MM patients to confirm tumor
angiogenesis in MM. We also investigated the effective-
ness of thalidomide treatment for refractory MM patients
and whether thalidomide administration altered tumor
angiogenesis.

MATERIALS AND METHODS -
Patients

To study anglogenesis in MM, we evaluated 51 bone marrow
biopsy specimens from 51 untreated MM patients at Keio
University Hospital. The clinical characteristics of the patients
are shown in Table 1. The 51 patients consisted of 28 males
and 23 females, and their median age was 62 years. Forty-
two cases fulfilled the diagnostic criteria for MM of the South
West Oncology Group (SWOG), and the other nine cases
were diagnosed with a monoclonal gammopathy of undeter-
mined significance (MGUS) based on the SWOG criteria.?®
The major subclass of immunoglobulin heavy chains was IgG
(32 out of 51 cases), We used six bone marrow specimens,
two from transplantation donors and four oblained at autopsy
from patients with non-hematological diseases (pneumonia
in two cases and cancer without bone marrow involvement
in the other two cases).

To evaluate the effect of thalidomide on angiogenesis, we
analyzed bone marrow biopsy specimens before and after
thalidomide administration to 11 patients with refractory MM
(six females and five males) who had been treated with
conventional chemotherapy, such as vincristine, melpharan,
prednisolone and dexamethasone (Tabie 2). Two patients

Table 1 Clinical parameters of untreated patients

Number of patients 51
Average age (years) 62 (range, 37-88)
Male/Female 28/23
Subclass of Ig .
IgG 32
igA 11
leb i 2
BJP 5
Nonsecretory 1
Stage (Durie-Saimon)
1 15
2 : 6
3 21
MGUS g

BJP, Bence Jones proteins; 1g, immunoglobuliny MGUS, monocional
gammopathies of undetermined significance.

also received peripheral blood stem cell transplantation and
Interferon alpha (IFNa) before being treated with thalidornide.
The disease of all 11 patients was categorized as Durie-
Salmon stage 3 before treatment with thalidomide.?®

immunchistochemistry

Sections of paraffin-embedded bone marrow specimens
were stained by a standard indirect- immunochistochemical
technique with anti-CD34 mouse monoclonal antibody
(Novocastra, Newcastle, UK) to highlight endothelial cells.
The myeloma cells in the bone marrow were stained with
antihuman plasma cell mouse monocional antibody (VS38¢;
DAKO, Glostrup, Denmark). The bone marrow specimens of
the patients treated with thalidomide were also stained with
anti-FGF-2 rabbit polyclonal antibody (Santa Cruz Biotech-
nology, Santa Cruz, CA, USA) and anti-FGF Receptor 1
rabbit polyclonal antibody generated by immunizing a rabbit
with a synthetic cligopeptide of human FGF Receptor 1.%°

Measurement of bone marrow microvessel density and
the grading of myeloma cell invasion

Ail bone marrow biopsy specimens were evaluated for cellu-
larity by fight microscopy with a 10x power objective lens.
Five areas with high cellularity were randomly selected and
examined with an 80x power objective lens. Five figids were
taken, with each fieid representing an area of 0.108 mmé.
individual microvessels {stained brown by immunohisto-
chemistry anti-CD34 antibody)} were counted in each fields
and their density was calculated.

The grade of myeloma cell invasion in the bone marrow
was determined by both hematoxylin—eosin {HE) staining
and immunohistochemistry with anti-VS38c antibody. Inva-
sion was graded as ‘mild’ if myeloma cells accounted for less

—247—



Table 2 Summary.of patients treated with thalidomide
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Patient Age {years) " Sex Immunoglobulin type Stage Previous treatment

i 46 M IgG kappa 3A MP, VAD, ABMT, dexamethasone, MCNU-VMP
2 45 M IgA kappa 3A VAD, EDAP, PBSCT, IFNo, radiation

3 55 F igG kappa 3A VAD, PBSCT, dexamethasone, IFNo.

4 57 F BJP lamda 38 L-PAM + ADR + dexamethasone, VAD
5 58 M IgG kappa 3A VAD, VCAP

6 58 M IgA lamda 3A VAD, dexamethasone, MP, VP-16

7 70 F igG kappa 3A Dexamethasone, VCAP

8 70 F 1gG kappa 3A Dexamethasone, melphalan, VCAP

9 63 F IgG kappa 3A MP, VAD
10 58 M IgA kappa 3A VAD, dexamethasone, VCAP
11 55 F IgA lamda 3A Dexamethasone, VCAP, VCAD

AMBT, autologous biood and marrow transplantation; EDAP, etoposide, cisplatinum, dexamethasone and ara-C; F, female; lg, immunoglobulin; L-
PAM + ADR, melphalan and adriamycin; M, male; MCNU, ranimustine; MP, melphalan and prednisolone; PBSCT, peripherat blood stem ceil transplant;
VAD, vincristine, doxorubicin and dexamethasone; VCAD, vineristine, cyclophosphamide, adriamycin and dexamethasone; VCAP, vincristine, cyclo-
phosphamide, doxorubicin and prednisclone; VMP, vincristine, melphalan and prednisclone.

than 25% of all nucleated bone marrow cells, ‘severe’ if the
myeloma cells accounted for over 75% of all nucieated bone
marrow cells, and ‘moderate’ if the invasion was between
‘mild' and ‘severe’.

Estimation of VEGF and FGF-2 concentrations in MM
patients’ ptasma

Plasma samples were collected from 10 patients with refrac-
tory myeloma (cases 2—11) before and afier 24 weeks of
thalidomide administration. FGF-2 and VEGF were mea-
sured with an enzyme-linked immunosorbent assay (ELISA)
system (R&D Systems, Minneapolis, MN, USA). Briefly, the
plasma was collected and, after adding EDTA as an anti-
coagulant, was stored at —80°C. Patients’ samples were
applied to microtiterplates coated with a specific monocional
antibody, and they were incubated at room temperature for
2 h. The plates were then washed three times and, after
adding peroxidase-conjugated secondary polyclonal anti-
bodies specific for the primary antibodies to the wells, they
were incubated at room temperature for 2 h. After washing
the wells, a substrate solution was added and the intensity
of the blue color products was measured at 450 nm with a
microplate reader {Bio-Rad, Hercules, CA, USA). The limit of
detection of FGF-2 and VEGF in plasma was 1 pg/mL and
15.6 pg/mlL, respectively. The FGF-2 and VEGF concentra-
tions were considered elevated if they exceeded the highest
value in the healthy control group. The cutoff values of FGF-
2 and VEGF were 7.67 pg/mL and 38.3 pg/mL, respectively.

Thalidomide treatment and assessment of
therapeutic effectiveness

- Thalidornide was supplied by Sociedade Farmaceutic Brasifa
Ltda. (Rio de Janeiro, Brazil} and administered per os at a

dose of 200 mg/day for 7 days. No chemotherapeutic agents,
including steroids, or radiotherapy was administered during
thatidomide treatment. Certain supportive therapies, includ-
ing blood transfusion, granulocyte colony-stimulating factor
(G-CSF), supplemental gamma globufin, and/or pamidronate
disodium administration were permitted concomitantly. If no
serious side-effects were observed during the first week, the
dose of thalidomide was increased to 400 mg and continued
as a maintenance dose, When side-effects, such as granulo-
cytopenia, were observed in patients after administering the
increased dose of thalidomide, the dose was decreased to
200 mg/day. The effectiveness of thalidomide was evaluated
by classifying the patients according to their response into
the following groups: a responsive group, with a more than
30% decrease in serum M-protein or daily urine Bence Jones
protein concentration sustained for at least 4 weeks; a stable
group, with a less than 25% change in M-protein level; and
a progressive group, with a more than 30% increase in M-
protein level.

RESULTS

Microvessel density of the bone marrow of
untreated patients

The MVD of the bone marrow of the 51 patients with MM or
MGUS and the six control patients with non-hematological
disorders is shown in Fig. 1. The typical histological findings
of the bone marrow observed while counting microvessels
are shown in Fig. 2. The MVD of the bone marrow in the
control group was 20.4-70.9 vessels/mm® (n=6, 435+
20.3 vessels/mm?). The MVD of the bone marrow of MGUS
patients varied widely, from 38.9 to 133.3 vessels/mn? (n =8,
78.2 £ 30.1 vessels/mm?), and the range in the MM patients
was 38.9-264.8 vessels/mm? (n=42, 111,1 £60.1 vessels/
mm?), Thus, the MVD of the BM of the MM patients was
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Figure 1 Microvessel density (MVD) ot the bone marrow of
urntreated multiple myeloma (MM} patients. The MVD of the bone
marrow of 51 patients and six non-hematological control patients are
shown. The MVD was calculated as the number of CD34-positive
microvessels observed in five fields (area of each field; 1.08 mm?)
in the bone marrow under the 80x lens of a light microscope. The
MVD was 20.4-70.9 vessels/mm? in the control group (n= 6), 38.9—
133.3 vessels/mm? in the monoclonal gammopathy of undetermined
significance {(MGUS) patients (n=9), and 38.9-264.8 vessels/mm®
in the MM patients (n=42).

higher than in the controls; however, the increases in MVD
in the MM and MGUS patients’ bone marrow were not sta-
tistically significant compared with the controls.

Representative histological findings in the bone marrow
of an untreated MM patient and normal bone marrow are
shown in Fig.2. Myeloma celi invasion in the bone
marrow was graded by examination of HE-stained sections
{Fig. 2a—d) and sections immunchistochemically stained
with antiplasma cell antibody VS38¢ (Fig. 2e~h). There were
no differences between the numbers of CD34-positive
microvessels in the bone marrow with ‘mild’ invasion by
myeloma cells and in normal bone marrow; however, there
were clear increases in the number of microvessels in the
bone marrow with a ‘moderate’ or ‘severe’ invasion by
myeloma cells {Fig. 1). The marrow space of the bone mar-
row with ‘severe’ invasion had been replaced by numerous
infiltrating myeloma cells accompanied by fibrosis. There
was a marked increase in the number of microvessels in the
bone marrow with a 'severe’ invasion compared with normat
bone marrow. .

To evaluate the tendency toward increased angiogenesis
in the bone marrow of MM patients statistically, we examined

the MVD values of bone marrow with mild, moderate, and
severe invasion by myetoma cells, and normal bone marrow.
The results showed that MVD increased with the grade of
myeloma cell invasion {Fig. 3). The mean MVD of normal
bone marrow and the mild invasion cases was 43.5 and 79.5
vessels/mm?, respectively, as opposed to 113.1 and 167.4
vessels/mm? in the moderate and severe invasion cases,

 respectively. The MVD of bone marrow in the moderate inva-

sion cases and the severe invasion cases was significantly
higher than in normal bone marrow (P < 0.05 and P < 0.005,
respectively).

Thalidomide treatment and angiogenesis in
bone marrow

Eleven refractory cases (six females and five males} that had
been treated with traditional chemotherapy were treated with
thalidomide (Table 2). Figure 4a shows the concentrations of
M-protein in serum (cases 1-3, 5-11) and urine (case 4)
before and after thalidomide treatment. Cases in which the
M-protein concentration in serum or urine decreased to
below 70% after thalidomide treatment were defined as
‘responsive’ cases. Cases with over 130% of the initial M-
protein concentration after treatment were defined as
‘progressive’ cases. Cases with 70-130% of the initial con-
centration of M-protein after treatment were defined as
‘stable’ cases. Of the 11 cases treated with thalidomide,
seven {64%) were ‘responsive’, three were 'stable’, and one
was ‘progressive’. The urine concentration of M-protein in
case 4 was 6010 mg/dL before treatment with thalidomide,
and decreased to 1050 mg/di after 4 weeks of treatment. In
case 1, the concentration of serum M-protein changed from
5940 mg/di. to 2394 mg/dL after adminisiration of thalido-
mide. In the ‘responsive’ cases, the grade of plasma cell
invasion in the bone marrow was lower or unchanged after
treatment. In the ‘stable’ and ‘progressive’ group, the grade
of plasma cell invasion was unchanged or had increased
after thalidomide treatment. There was an ohvious decrease
in the degree of bone marrow invasion in some of the patients
in whom thalidomide treatment was effective.

Figure 4b shows the MVD of the bone marrow before
and after thalidomide therapy. In the seven ‘responsive’
cases, MVD decreased in three cases {cases 6, 9 and 11}
and increased in three cases (cases 1, 4, and 5) and was
stable in one case (case 10). The MVD of case 10 was
lower than the other cases before and after the treatment
with thalidomide. The MVD increased in all of the 'stable’
cases (cases 3, 7 and 8), but decreased in the ‘progres-
sive’ case (case 2). No tendency toward a correlation
between the effectiveness of thalidomide and the changes
in the MVD of the bone marrow after thalidomide treatment
was found.
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Figure 2 Grading of myeloma ceil invasion and angiogenasis in the bone marrow of untreated multiple mysloma (MM) patients. Represen-
tative histologies of the bone marrow of an untreated MM patient and normal bone marrow are shown. Myeloma cell invasion in the bone
marrow was graded by examining (a,b,c,d) sections stained with hematoxylin—eosin (HE} and {ef,9,h} sections immunohistochemically
stained with antiptasma cell antibody, VS38c. (1,J,k,1) immunohistochemical staining with anti-CD34 antibody was performed 10 visualize the
blood vessels. The number of microvessels in the bone marrow with ‘moderate’ or ‘severe’ myeloma cell invasion was obviously increased
(k.0). In the bone marrow with ‘severe’ invasion, the marrow space was replaced by numerous infiltrating myeloma cells and accompanied by
a fibrosis. There was a marked increase in the number of microvessels in the bone marrow with ‘severe' invasion, compared with normal

marrow {f}.

Pitasma FGF-2 and VEGF concentrations after
thalidomide treatment

The plasma concentrations of angiogenic factors, FGF-2
(bFGF) and VEGF, were measured by ELISA in 10 patients
treated with thalidomide. Before thalidomide treatment, the
plasma FGF-2 concentrations in all of the cases in which
FGF-2 was detectable (nine cases) exceeded the normal
range (FGF-2 was not detectable In the plasma in case 4)
(Fig. 5a). The highest plasma value was 278 pg/dL, in case
6. Afler 24 weeks of thalidomide treatment, the FGF-2 con-
centration had decreased in afl nine cases, including the
progressive case (case 2) with an increased serum M-
protein concentration and the cases with increased MVD of
the bone marrow (cases 3,5,7 and 8) after treatment with
thalidomide. '

Plasma VEGF concentrations were also determined by
ELISA (Fig.5b). Before the thalidomide therapy, an

increased VEGF concentration of plasma was seen in nine
cases,.and the highest value was 208 pg/dL (case 5). In
these nine cases, after 2-4 weeks of thalidomide treatment,
a decrease of VEGF concentration was observed in eight
cases, and the plasma VEGF concentration in six of these
eight cases was within the normat range. These decreases
in plasma FGF-2 or VEGF concentration may also have been
caused by thalidomide.

Representative histological sections of bone marrow
before and after thalidomide treatment in case 9, a ‘respon-
sive’ case, are shown in Fig. 6. The myeloma cell invasion in

the bone marrow had improved after treatment, and the num-

ber of CD34-positive microvessels had decreased. Immuno-
histochemistry with anti-FGF-2 antibody revealed that the
cytoplasm of many hematopoietic ceils, including myeloma
cells, was positive (Fig. 6). There were no significant changes
in the FGF-2 staining pattern after thalidomide treatment,
despite the decreased concentration of FGF-2 after treat-
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Figure 3 Increased microvessel density (MVD) in the bone marrow
of muitiple myeloma (MM) patients. The MVD was measured in the
bone marrow with mild, moderate and severe invasion of myeloma
cells and in the normat bone marrow in order to statistically evaluate
the tendency toward increased angiogenesis in the bone marrow of
MM patients. The MVD increased with the grade of myeloma cell
invasion, The mean MVD in normal bone marrow and mild invasion
cases was 43.5 and 79.5 vessels/mm?, respectively, as opposed to
113.1 and 167.4 vessels/mm?® in the moderate and severe invasion
cases, respectively. The increased MVD in the moderate and severe
invasion cases were significant compared with normai bone marrow
(P < 0.05 and P < 0.005, respectively). (O}, Control {n = 8}; E), miid
invasion {n=14), {2), moderate invasion (n = 28); and (W) severe
invasion (n=9).

ment. In contrast, FGF Receptor 1 was also widely
expressed by hematopoietic cells, including myeloma cells
(Fig. 8). No alterations in FGF Receptor 1 expression were
seen after treatment.

DISCUSSION

The angiogenesis in solid tumors has been thought to play
a role in tumor growth, invasion and metastasis.*’ In hema-
tologicat malignancies, the tumor cells invade the bone mar-
row space and proliferate, and they replace the normal
hematopoietic area because the bone marrow space is lim-
ited by the surrounding trabeculae of bone. The resuits of the
present study showed that the MVD of the bone marrow of
MM patients was higher than in the healthy controls, and
greater angiogenesis was observed in MM patients with
higher grades of myeloma cell invasion of the bone marrow.

These findings suggest that the relationship between angio-
genesis and development of MM is simitar to their relation-
ship in sofid tumors.® Although it is not yet ciear whether
angiogenesis is indispensable to the pathogenesis of the
disease, if angiogenesis is necessary for the development of
MM, inhibition of angicgenesis may be a useful means of
treatment.'

Vacca et al. reported a positive correlation between angio-
genesis and the disease activity of MM.* Furthermore, the
increased angiogenesis in bone mamrow and increased levels
of stimulators of angiogenesis, including FGF-2, VEGF and
HGF have recently been reported in human leukemia
patients.>* This has led to discussion of the possibility of
antiangiogenic therapy for hematological malignancies. Tha-
lidomide has been used to treat some MM patients as a new
therapy for MM because it has an antiangiogenic effect. By
using a rabbit cornea micropocket assay, D'Amato ef al. has
shown that thalidomide inhibits FGF-2-induced angio-
genesis.?* Thalidomide has also been reported to suppress
production of tumor necrosis factor alpha by macrophages
and to stimulate production of interfeukin-2, -4, -10, and
IFNY.** These immunomodutating functions of thalidomide
may contribute to the suppression of the survival and/or
growth of myeloma cells. Tosi ¢t al. have reported that thali-
domide may suppress the progression of MM via impaired
production of VEGF by myeloma cells.®

In the present study, we have shown that thalidomide may
be effective for impairing tumor angiogenesis in the bone
marrow of MM patients whose disease is refractory to con-
ventional chemotherapy and that thalidomide reduced the
ptasma FGF-2 and VEGF level in almost all refractory MM
cases. The cause of the decreased fevel of FGF-2 after
thalidomide administration is unknown.

In the present study, we considered the relationship
between plasma angiogenic factor (FGF-2, VEGF) level and
MVD in the bone marrow of the refractory MM cases freated
with thalidomide. increased MVD was observed in the bone
marrow after administration of thalidomide in some patients
despite the depressed disease activity and the decreased
concentrations of FGF-2 and VEGF. This discrepancy may
be caused by the assessment procedure for tumor angiogen-
esis in the bone marrow. Singhal etal also could not
demonstrate a clear relationship between the bone marrow
MVD and the response to the treatment with thalidomide in
myeloma.*® Hiatky et al, has stated that the efficacy of anti-
angiogenic agents cannot be simply visualized by alterations
in MVD during treatment because the MVD rﬁay be outward
and influenced by shrinkage, necrosis or apoptosis of the
tumor.*

immunohistochemistry showed that many of the hemato-
poietic cells and myeloma cells produced the FGF-2 protein.
The FGF-2 receptors are also expressed in hematopoietic
cells and myeloma cells. These results may show an auto-
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Figure 4 Effect of thalidomide treatment and change of microvessel density (MVD) of the bone marrow. {a) Changes in serum M-protein
after thalidomide treatment. The changes in concentration of M-protein in serum {(cases 1-3, 5-11} and urine {case 4} after thalidomide
administration are shown. The cases were classified into three groups according to the effect of thalidomide: ‘responsive’; ‘stable’; and
‘progressive’, based on the degree of change in M-protein concentration. There were seven ‘responsive’ cases, three ‘stable’ cases, and ong
‘progressive’ case. (b) Changes in MVD of the bone marrow after thalidomide treatment. The MVD of the bone marrow before and after
thalidomide treatment are shown. In the ‘responsive’ group, MVD decreased in four cases (cases 6, 8, 10 and 11) and increased in three
cases (cases 1, 4 and 5). The MVD increased in all of the 'stable’ cases (cases 3, 7 and 8), but decreased in the ‘progressive’ case (case
2) despite the increased disease activity. (I}, Pretreatment of thalidomide; (M), post-treatment of thadidomide.
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Figure 5 Plasma fibroblast growth fac-
tor (FGF-2) and wvascular endothelial
growth factor (VEGF) concentrations of
multiple myeloma (MM) patients before
and after thalidomide treatment. The
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concentrations of FGF-2 and VEGF were
determined in 10 of the 11 cases by
enzyme-linked immunosorbent assay.
(a) Plasma FGF-2 concentrations.
Before thalidomide treatment, the FGF-
2 concentration in all cases in which
FGF-2 was detectable (9 cases) was
higher than in the healthy subjects. The
highest value was 278 pg/dL, in case 8.
The FGF-2 concentration decreased in
all cases afler thalidomide treatment,
and in five. cases (cases 5, 7, 8, 9 and
11) it decreased to beiow the upper limit
in the healthy subjects. FGF-2 was not
detectable in case 4. (b) Flasma VEGF
concentration. Before thalidomide admi-
nistration, the VEGF concentration in
eight cases (cases 2,5,6,7,8,9, 10and
11) was higher than in the healthy sub-
jects. The highest value was 208 pg/dt.,
in case 5. After thalidomide treatment, a
decrease in VEGF concentration was
observed in eight cases, and in five
cases it decreased to below the upper
limit in the healthy subjects. (---), Aver-
age of plasma cytokine; ({7), pretreat-

Case 9
Case 10
Case 11

Progressive Stable

crine loop in which the FGF-2 produced by myeloma celis
affects the growth or survival of the myeloma cell. The high
concentration of FGF-2 in the patients’ plasma and the pos-
sihle existence of an FGF-2 autocrine toop in myeloma cells
suggests the possibility of using anti-FGF-2 and/or anti-FGF-
2 receptor antibody as a new form of therapy*' The bone
marrow specimens of the MM patients treated with thalido-
mide also stained with anti-VEGF antibody. However, there

Responsive

ment of thalidomide; (M}, post-treatment
of thatidomide.

was no positive finding in all specimens because of the
manipulation of decalcification. ’

in the present study, we showed that seven out of 11
refractory MM cases were responsive, three cases were
stable, and one case was progressive for the treatment of
thalidomnide. in the three stable cases, two patients were of
advanced age (cases 7 and 8). The patient in the progressive
case (case 2) was previously treated with irradiation and
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Pretreatment of
thalidomide

CD34

Figure 6 Histologies of the bone
marrow before and after thalidomide
treatment. Representative histologies
of the bone marrow in case 9, a
‘responsive’ case, before and after tha-
lidomide treatment are shown. (a,b.f.g)
The myeioma cell invasion of the bone
marrow improved after treatment. (c,h)
The number of CD34-positive
microvessels also decreased after
treatment. Expression of fibroblast
growth factor (FGF-2) was observed in
the cytoplasm- of hematopoiatic cells
and myeloma cells. {d,i) There was no
significant change in the FGF-2 stain-
ing pattern after thalidomide treatment,
(e.j) FGF Receptor 1 was also widely
expressed in hematopoietic cells
and myeloma cells, but there were
no changes in its expression after
treatment.

FGF-2

FGFR1

showed severe anemia before the treatment of thalidomide.
Therefore, the response to the thalidomide may be influenced
by age and previous therapies.
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